Abstract. The feasibility of using an alternating magnetic field from induction heating furnace to heat the NiTi stent and the influence of hyperthermic on smooth muscle cells (SMCs) have been studied in the present work. The electromagnetic field is capable of significantly heating NiTi stents and the heating temperature can be adjusted by changing the voltage and heating time of the furnace and the position of NiTi stents. The shape and living status of SMCs were influenced by the heat treatment procedures. There were three stages of SMCs reaction to heat: (1) when the temperature below 44ºC, the living status was not changed; (2) between 44ºC to 50ºC, the cells shrinked and were less dyed with trypan blue, which indicated that they were still alive; (3) when the temperature was above the 50ºC, all the cells died. It was found that from 44ºC to 50ºC, the SMCs died in apoptosis, which might allow us to heat the implanted stent to prevent restenosis.
Introduction
The effect of hyperthermia therapy is well-known in curing certain diseases, such as liver tumours and prostate hyperplasia [1] [2] . The heat resources may be ultrasonic, microwave and radiofrequency. For the treatment of cardiovascular diseases, one recent aspect is that some cardiac arrhythmias can be cured by catheter radio-frequency ablation [3] , the other aspect is that coronary heart disease can be dilated by the metallic stent. Unfortunately, about 30% restenosis rate for clinical cases limits the application of bare metallic stent. Hoping to prohibit the restenosis based on the vascular SMCs' apoptosis by heating stent outside the patient's body after 3~5 months' implantation, we studied both the feasibility of heating the metallic stent by induction heating furnace and the influence of hyperthermia on SMCs in the present work.
Experimental
The stent was knitted by 0.15 mm diameter Ti-50.8%Ni(atomic percentage) alloy wire into a mesh tube shape, with the diameter of the stent be 3.5 mm and the length be 10 mm. For the in vitro heating simulation experiment, the electromagnetic induction furnace with 10cm coil diameter was employed. The NiTi self-expanding stent was fixed on the tip of the detector part of one iodic thermometer, and another iodic thermometer was used as control. Two month old Japan white rabbits were fasted for 12 hours. The aortic artery was isolated from the rabbits in the sterile condition, washed 3 times with hank's balanced salts solution, cut into small pieces about 1 mm 2 in area, then put into culture bottle with 20% fetal bovine serum and antibiotics.
The culture bottle was placed in a 37ºC incubator at 95% relative humidity and 5% CO 2 . The five generation cells were digested by pancreatin and EDTA mixture to make the cell concentration be 10 5 cells /ml. The cell suspension was divided into 9 groups (37°C~54ºC) and each group included 3 culture bottles, with 2 millilitres of cell suspension contained in. After 6 days' culture, cells were heated to37ºC~54ºC for 10 min by submersion in a circulation water bath with temperature regulation of ±0.1ºC, Upon completion of heat treatment, cells were immediately transferred to a 37ºC bath for 10 min prior to being placed in a incubator at 95% relative humidity and 5% CO 2 .
Results and discussion
The NiTi stent was heated to a high temperature with the increase of the voltage of induction furnace. When the voltage reached 100, 000 V, the temperature of NiTi stent which located in the center of the furnace reached 100ºC within 30 seconds. For all positions inside the coil, the NiTi stent can response to the electromagnetic induction heating, and the close to the central axes of the coil, the higher the heating efficiency is. In other words, the temperature of the NiTi stent close to the coil is lower than that at the central axes of the coil. For the position outside the coil, the heating efficiency is the worse. One interesting point is that after heating by induction furnace, the radical strength of the stent seems to be increased by finger pinching. Fig. 7 shows the SEM image of normal SMCs, with the shuttle growth morphology. Fig.8 shows the typical SEM image of the apoptotic SMCs. The sample underwent 46ºC heat treatment for 10 minutes and followed by continuous culture for 10 hours. The cells exhibited the shape of bead string and apoptotic bodies formed. Fig.9 illustrated the TEM image of the sample same as that in Fig.8 , showing the feature of the compaction of chromatin, the segregation of chromatin, the protrusion of the karyotheca and the appearance of apoptotic bodies. Tab. 1 lists the number of SMCs stained by trypan blue and the percentage of the cells stained by trypan blue in the total SMCs fell off into the culture medium solution, for samples heat treated at different temperatures for 10 minutes and incubated for different times continuously. After heat treatment, in the groups of 46ºC,48ºC and 52ºC, the cells fell off into the medium were much more than that of in 44ºC group. (At 44ºC, 46ºC, 48ºC, 50ºC, 52ºC and 54ºC, the total number of cells fell off into the culture medium solution were 11. groups of 44ºC、 46ºC、 48ºC、 50ºC, although there were the morphological changes, which indicated that the cells were still alive at those temperatures. In the group of treating temperature more than 50ºC, all the cells were stainted with trypan blue, together with morphologic changes, which indicated that the cells were died in necrosis (putrescence). To combine the in vitro heating simulation experiment results and the SMCs culture results after heat treatment, it seems to be theoretically feasible to prohibit the restenosis of implanted stent by hyperthermic therapy, although it is unknown that the intensive magnetic fields may harm to the human or not. we can conclude that heating the SMCs covering the NiTi stent to the temperature range of 44ºC~50ºC with the induction furnace for 10 minutes may induce apoptosis of SMCs covering the stent wires in the coming several tens of hours, therefore decrease the number of SMCs, and realize controlling the restenosis without invasion. Temp.
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